INTRODUCTION
ference compared to control, whereas low and high doses show a significant difference. Williams' test is generally carried out to test dose-related trend (Bretz, 2006) . The disadvantage of Williams' test is that it uses an estimated value for the mean rather than the original mean value for the analysis. The present paper discusses interpretation of data obtained from repeated dose toxicity studies anlysed by Williams' test in comparison with Dunnett's and Jonckheere's tests.
RESULTS
Simulated and actual data were used for the present study. The analyses were conducted using Excel 2008 (Tokyo, Japan).
Statistical significance and dosage dependence
When the data show a dose related relationship and a significant difference by Dunnett's test (Dunnett, 1955) , the interpretation of them can be done in a straight forward manner. In a 4 group-set repeated dose study seven different situations can be expected (Table 1) . Interpretation is relatively easier in situations 1-3, whereas it is difficult for situations 4-7, where further investigation on dose related relationship is required.
Situation 1 given in Table 1 is ranked and given in Table 2 . When the data were adjusted to simulate situations 4-7 given in Table 1 , dose related relationship analysis by Jonckheere's test (Jonckheere, 1954) did not reveal a significant dose related relationship in these situations (Table 3) .
Next the data presented in Table 1 are subjected to Williams' test to arrive at NOEL and the NOEL of each situation and is given in Table 4 .
Analysis of actual data using Dunnett's and Williams' tests and Jonckheere's trend test
Absolute kidney weights of the rats at the scheduled sacrifice in a combined repeated dose reproduction/developmental toxicity study as per OECD TG 422 (OECD, 1996) is given in Table 5 . Analyses of the data using Dunnett's and Williams' tests and Jonckheere's trend test provided different results. Dunnett's test showed a significant difference in low and high dose groups, whereas
Williams' test showed in all the groups. No significant difference in any group was seen as per Jonckheere's trend test. According to Williams' test, less than the low dose may be considered as NOEL.
Williams' test can be used even if the numbers of the animals in a group differ about 2 times compared to other groups (Sakaki et al., 2000) . However, if the number of animals in a group is extremely less use of Williams' test is not recommended (Williams, 1971 (Williams, , 1972 .
Williams' test analyzes the difference of the mean values between each treated group and control, like Dunnett's and Tukey's tests, when the mean value of the (1) Control vs. High dose t value is significant at 5% level (Table 7 , Number of groups-4; D.F.-16).
(2) Control vs. Mid-dose
The average value of mid-dose and low dose group is used. t value is significant at 5% level (Table 7 , Number of groups-3; D.F.-16).
(3) Control vs. Low dose t value is significant at 5% level (Table 7 , Number of groups-2; D.F.-16).
The reason for Williams' test showing a significant difference of the weight of the liver, when compared with the control group, is that the test used 11.87 as the mean value of the mid-dose group for the comparison instead of the actual value (11.46).
Jonckheere's trend test
The prerequisite conditions for applying Jonckheere's trend test are that the number of groups should be more than 2 and number of animals in each group should be the same. This trend test has been used in several toxicity tests (Bamberger et al., 2000; Campbell, 2003 , Ladics et al., 2008 Stout et al., 2008) . As per Jonckheere's trend test, probability level of significance decreases with the decrease in number of the animals in groups (Table 8) .
In the example given in Table 9 the order of mean scores of the control, low and mid-dose groups are interchanged to know how these changes would influence Jonckheere's trend test in detecting a significant high dose group. In both the cases where number of animals/group is 5 or 10, Jonckheere's trend test revealed a significant high dose group, indicating that order of scores does not influence the power of Jonckheere's trend test.
We examined the significant difference detection pattern when the number of groups is increased (Table 10) . It is evident from the Table that, power for a significant difference increases with the increase of number of groups. 0.16375; variance in error in ANOVA table. 
DISCUSSION
In repeated dose toxicity studies, the role of statistics is pivotal for interpreting study data. Williams' test is a useful statistical tool in these studies as it provides information on evidence of toxicity and also the dose level that causes the toxicity (Shirley, 1977) . Williams' test is similar to Dunnett, Tukey and Duncan multiple comparison (range) tests as it uses the variance in error term of the ANOVA (Nagata and Yoshida, 1997) . But, use of Williams' test is not recommended when the number of animals in the groups is different (Williams, 1972) . Williams' test is a closed procedure. If no significant difference between control group and highest dose group is observed, all the other treated groups are considered having no significant difference compared to the control group and no further analysis is carried out. If there is a significant difference in the highest dose group, then the next highest dose level is examined for the significant difference from the control. If this dose group does not show a significant difference, no further analysis is carried out and if it shows a significant difference, the next highest dose level is examined for the significant difference from the control. Thus all the dose groups are sequentially examined.
Jonckheere's trend test is commonly used in toxicology for the analysis of dose related relationship Tennekes et al., 2004) . A dose related relationship is not usually detected either by Dunnett's or Jonckheere's trend test, when the mid-dose alone does not show a significant difference compared to control. Jonckheere's test is sensitive to non-monotonic dose related relationship, whereas Williams' test is powerful against monotonic and nonmonotonic dose related relationship (Dmitrienko et al., 2007) . Since estimated mean values are used in the calculation procedure of Williams' test, it is likely that this test might show dose related relationship, where it actually does not exist. It also may be noted in this context that, according to Gad and Weil (1986) dose related relationship is not necessarily evident in all the parameters. Therefore, we suggest to examine the data for the difference between each dose group and control by Dunnett's test and then examine the data by Jonckheere's trend test for dose related relationship. 
